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(57) ABSTRACT 
Correspondence Address: 
Carestream Health, Inc. A method for reporting image quality obtains a digital radio 
150 Verona Street logical image and processes the image to detect at least one 
Rochester, NY 14608 (US) speckle. Noise signal magnitude in the digital radiological 

image is estimated. At least one speckle is identified accord 
(21) Appl. No.: 11/959,805 ing to its signal magnitude relative to the noise signal esti 

mate. The at least one speckle detected in the image is 
(22) Filed: Dec. 19, 2007 reported. 
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SPECKLE REPORTING IN DIGITAL 
RADIOGRAPHC MAGING 

FIELD OF THE INVENTION 

0001. This invention relates to radiological imaging and to 
detecting and reporting of image quality for a digital radio 
logical image. 

BACKGROUND OF THE INVENTION 

0002. In the conventional workflow for digital radiologi 
cal imaging, an X-ray operator or technician may routinely 
check the obtained images to determine whether or not the 
image appears to have been properly captured and to show the 
required portions of patient anatomy for a particular exam. 
Typically, a reduced-size image is reviewed on a low- to 
medium-resolution display monitor for this function. With 
many systems, the full-resolution image may alternately be 
available for review by the X-ray operator, a portion at a time, 
with additional operation steps. For example, clicking a Zoom 
button on the capture console can invoke a pan function that 
allows the X-ray operator to navigate through the entire high 
resolution image, section by section. However, this type of 
painstaking review can be quite time-consuming and is, there 
fore, rarely conducted in practice. Instead, the operator views 
the reduced-scale image, observes overall image appearance 
without detailed image quality assessment, and either 
approves the image for forwarding to the radiologist or 
requests a re-take. Upon approval, the full-resolution image is 
then stored for later assessment by a radiologist. Often, how 
ever, image quality problems overlooked by the X-ray opera 
tor or not readily visible to the operator are identified by the 
radiologist, hours or days afterwards. 
0003. In this conventional workflow, the initial review by 
the X-ray operator based on the reduced-size image is subjec 
tive and provides only a coarse estimation of the image qual 
ity and overall anatomy position. Timing and workload pres 
sures tend to worsen the problem. It would be useful to have 
more information about image quality available to the opera 
tor at this stage in the radiology image processing workflow. 
If, for example, the operator were able to easily determine that 
there were an image quality problem that might compromise 
diagnosis, appropriate steps could be taken to re-capture the 
image during the same examination session. The patient and 
imaging personnel would not be required to schedule another 
examination session if problems with image quality could be 
detected at this initial review stage. 
0004 One problem of particular interest for Computed 
Radiography (CR) imaging systems relates to image speckle. 
Speckle is one type of image noise that occurs due to the 
inherent sensitivity of the CR storage phosphor plates used 
for X-ray image capture. The storage phosphor plates receive 
and accumulate incident ambient radiation during the time 
between imaging sessions. Such ambient or environmental 
radiation includes cosmic rays, X-rays emitted from nearby 
X-ray sources, and trace radiation sources. It can even include 
radiation from the CR phosphor plate itself and from its 
Surroundings. Recommendation can be made to erase the CR 
phosphor plates more frequently, however Some residual 
amount of speckle is still possible. 
0005. At the reduced-size display resolution typically 
used by an operator in performing the initial review of digital 
radiographic images, speckle is by-and-large imperceptible. 
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In most cases, speckle can only be detected in the full-reso 
lution digital image that is reviewed at a later time by the 
radiologist. 
0006 Thus, it would be useful to have utilities available 
for speckle detection at an earlier time in the radiographic 
imaging workflow. 

SUMMARY OF THE INVENTION 

0007. It is an object of the present invention to address the 
need for speckle detection. According to one aspect of the 
present invention, there is provided a method for reporting 
image quality comprising steps of obtaining a digital radio 
logical image; processing the image to detect at least one 
speckle by estimating noise signal magnitude in the digital 
radiological image and identifying the at least one speckle 
according to its signal magnitude relative to the noise signal 
estimate; and reporting the at least one speckle detected in the 
image. 
0008. It is a feature of the present invention that it provides 

utilities for reporting the relative amount of speckle in a 
radiographic image that is obtained from digital receivers. It 
is an advantage of the present invention that it provides an 
adaptable tool for speckle detection and reporting. 
0009. These and other aspects, objects, features and 
advantages of the present invention will be more clearly 
understood and appreciated from a review of the following 
detailed description of the preferred embodiments and 
appended claims, and by reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 While the specification concludes with claims par 
ticularly pointing out and distinctly claiming the Subject mat 
ter of the present invention, it is believed that the invention 
will be better understood from the following description 
when taken in conjunction with the accompanying drawings, 
wherein: 
0011 FIG. 1 is a logic flow diagram showing steps for 
speckle detection and reporting in some embodiments of the 
present invention. 
0012 FIG. 2 is a graph showing relative noise and speckle 
amplitude over a line of pixels in the image. 
0013 FIG. 3 is a histogram showing characteristic pixel 
distribution for a digital radiographic image. 
0014 FIG. 4 shows an image having significant speckle 
COntent. 
0015 FIG. 5 shows another image having perceptible 
speckle content. 

DETAILED DESCRIPTION OF THE INVENTION 

0016. The present description is directed in particular to 
elements forming part of, or cooperating more directly with, 
apparatus in accordance with the invention. It is to be under 
stood that elements not specifically shown or described may 
take various forms well known to those skilled in the art. 

0017 Embodiments of the present invention address the 
problem of image speckle in digital radiographic imaging. 
The term “speckle' is used as a general term for this imaging 
anomaly in which individual “speckles' are clearly visible. 
As noted earlier in the background section, image speckle is 
one component of the image noise for CR. However, as is 
described in more detail Subsequently, speckle has somewhat 
more pronounced energy or signal magnitude and more well 
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defined spatial characteristics than image noise in general. 
Because of this, at least Some amount of speckle can be 
detected and measured as a distinguishable component of the 
image noise content. Embodiments of the present invention 
can apply a number of techniques for differentiating speckle 
from other low-level “white noise' in a radiological image 
and generally apply a threshold-based evaluation for deter 
mining a relative amount of speckle in the image. One strat 
egy applied in these embodiments for determining the 
amount of speckle first processes the image to isolate the 
background noise from the meaningful diagnostic image data 
content, then normalizes the noise content, as Subsequently 
described in detail. 

0018 Referring to FIG. 1, there is shown a logic flow 
diagram for an algorithm that can be used for speckle detect 
ing and reporting in one embodiment. The algorithm begins 
with noise signal estimation. This is accomplished by a low 
pass filtering step 100 that processes the input image using 
any of a number of types of low-pass filter, Such as Gaussian, 
median, or other filter, applying image filtering techniques 
that are well known in the art. As a practical consideration, the 
filter kernel size is chosen to exceed the size of the largest 
speckle feature to be detected in the image. Otherwise, inad 
Vertent filtering of speckle from the image could occur, 
defeating the purpose of this processing. A subtraction step 
110 follows, in which the filtered low-pass image is then 
Subtracted from the original input image. This generates a 
noise content image 120 that contains Substantially all the 
image noise including the speckle noise component. The bulk 
of the diagnostic image data content is removed from this 
noise content image. 
0019. It is instructive at this point to consider how image 
noise, including speckle, is typically distributed in the digital 
radiological image. Referring to the energy amplitude graph 
shown in FIG. 2, white noise is generally a low-amplitude 
signal. Speckle, on the other hand, exhibits a high peak 
energy. Two speckles 40 are indicated in this example graph. 
Assuming that the image noise signal magnitude follows a 
Substantially Gaussian distribution, the present inventors 
found that image noise, excluding speckles, generally lies 
within +/-3O of the mean pixel value, whereas speckles gen 
erally lie outside this +/-3O region. 
0020 Back to the flowchart of FIG. 1, noise standard 
deviation associated with the original image exposure, 
excluding contributions from speckle, is estimated from the 
noise image 120. From visual examination of a large number 
of radiographic images having speckle artifacts, the present 
inventors found that the percentage population of the speckles 
relative to the total number of image pixels is usually less than 
5%. Based on this information, the standard deviation (O) of 
all the pixels in the noise image is calculated in a calculation 
step 130. A pixel value range is defined based on Oc for a 
standard deviation re-calculation, Such that the impact from 
speckle signal content in the calculation would be minimized. 
In one embodiment of this algorithm, the range is defined at 
t3Oo. Using this value, a new standard deviation (O.) is 
calculated based only on pixels in the noise image whose 
values are within t3Oo. This Subsequent calculation can be 
considered to be more computationally robust and provides a 
closer approximation to the average of the distribution. 
0021. The graph of FIG.3 shows an example histogram of 
the pixel values in the noise image 120. As this graph shows, 
most pixel values lie near a mean value. Most of the noise is 
concentrated within a region 32 as shown in dashed outline. 
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Bone and other radio-opaque structures are generally at Val 
ues distributed outside this region. At least a Substantial por 
tion of speckle can be identified as having a distinctive dis 
tribution. 
0022 FIGS. 4 and 5 give examples of speckle that would 
be visible in a high resolution image 30, but not in a lower 
resolution image 20. In these figures, some more pronounced 
speckles 40 are circled in high-resolution image 30. 
(0023. It should be noted that steps 100 to 150 in FIG. 1 can 
be performed based on the whole image, or individually on 
many Small Sub-regions of the whole image. Such as partially 
overlapping or non-overlapping Smaller regions, in order to 
derive a spatially and locally adaptive noise estimate. The task 
of Subsequent steps of the processing shown in FIG. 1 is to 
differentiate speckle from the balance of noise content and 
from skeletal and other radio-opaque structures. In a normal 
ization step 140, the pixel value of the noise image is normal 
ized by O, to facilitate detection of speckle. This processing 
takes human visual system performance into account. There 
is no need to detect speckle that is below the human visual 
threshold; this speckle cannot be seen by radiologists for 
diagnostic interpretation. In an image with low exposure 
noise levels, the human eye can perceive speckle of very small 
magnitude. On the other hand, if the image exposure noise is 
very high to begin with, the magnitude (contrast) of the 
speckle must itself be very large in order to become visible to 
the human eye. Therefore, detection of speckles depends 
largely on the image exposure noise level. 
0024. The pixel value of the normalized noise image 
(NNI) in step 140 represents pixel fluctuation in the noise 
image relative to O,. In a thresholding step 150, a threshold 
value can be defined, such as 5o, and applied to the NNI to 
extract those pixels that are speckle candidates. The thresh 
olded normalized noise image is referred to as TNNI. 
(0025. It has been found that not all the pixels in TNNI are 
speckles. For example, image pixels at sharp transitions 
between bone and soft tissue and between foreign objects 
Such as radio-opaque hardware markers and other part of the 
image create some potentially false speckle indications in 
TNNI. It is important to distinguish and remove these false 
positive indications for speckle. Speckle distribution is ran 
dom and speckle can be distinguished from meaningful 
image structures by this distribution and by the speckle size. 
The area of one speckle element is generally no larger than a 
few pixels dimension in any direction. One quantifiable char 
acteristic of false speckle indications in TNNI is clustering, 
which corresponds to speckle size. Bone structure and out 
lines of other radio-opaque objects might appear to be speckle 
unless clustering is taken into account, showing that a high 
energy transition between adjacent pixels is truly speckle and 
not meaningful imaged anatomy or foreign objects. Clusters 
of pixels that might otherwise appear to exhibit speckle are 
suspected to be false positives, particularly where they 
occupy a much larger region than do typical speckles. 
0026. Based on this observation, these likely false speckle 
pixels are removed using a technique based on region labeling 
in embodiments of the present invention. Region labeling, 
known to those skilled in the image processing arts, groups 
together adjacent pixels. Referring again to FIG. 1, this is 
performed in a region labeling step 160. Here, the threshold 
normalized noise image (TNNI) is analyzed so that different 
regions of the image can be identified and labeled, thereby 
forming a labeled threshold normalized noise image (LT 
NNI). In one embodiment, this is done simply by grouping 
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together, under the same label, any region of mutually adja 
cent pixels, and by assigning different label values to different 
regions Connected regions in the LTNNI that have pixel 
population greater than the largest speckle size can then be 
eliminated from consideration for speckle. A logical AND 
operation is applied between the LTNNI and NNI to identify 
speckle pixels. 
0027 Parameters that can be extracted from LTNNI and 
NNI and used to characterize speckles with some success 
include the following: 

0028 (i) Cluster size. This parameter relates to how 
many pixels in the original image a speckle cluster occu 
pies, which can be readily calculated from the LTNNI. A 
threshold value for cluster size can be applied and can be 
adjusted for a radiology site in Some embodiments. 

0029 (ii) Maximum signal magnitude. Maximum mag 
nitude is defined as the maximum pixel value in magni 
tude in the NNI of a speckle cluster. 

0030 (iii) Spatial location. This gives the center coor 
dinates of a speckle cluster. 

0031 (iv) Overall speckle percentage population. The 
overall speckle percentage population is the percentage 
of speckle pixels relative to the total number of image 
pixels. 

0032. Thus, speckle within the radiographic image can be 
reported to the user in term of each cluster size, maximum 
magnitude, spatial location, and the overall percentage popu 
lation. Speckle in the image can also be reported to the opera 
tor by displaying, for example, color highlighted regions and 
displaying the image with highlighted speckles. Often when a 
reduced-size image is reviewed by the X-ray operator, Small 
speckles may not be visible because of image size down 
sampling. To overcome this problem, the detected speckles at 
one or more locations can be “repainted” or color-highlighted 
within the reduced-size displayed image so that such speckles 
are not mistakenly ignored and all the speckles are shown to 
the X-ray operator for decision making. Referring again to 
FIG. 1, this can be reported in a speckle reporting step 170. 
Further, the speckles can be color coded based on their mag 
nitude. Such as red color speckles meaning larger speckle 
magnitude than that of blue color speckles. 
0033. In practice, not all speckles have the same impact on 
image diagnostic quality. The level of sensitivity of speckle 
impact can be reduced if the speckle is located near the 
periphery of the image or is of Small maximum magnitude, or 
if there is a Small speckle percentage population, for example. 
Based on these factors and considerations, in addition to 
reporting the speckle size, location and magnitude informa 
tion, a rating score can be defined and displayed for each 
identified speckle area as part of speckle reporting step 170, 
according to cluster size, to maximum magnitude, and to 
spatial location, as well as to the overall percentage popula 
tion. An example of this rating score is using the weighted 
Sum of the speckle characteristics. This gives the reviewing 
technician an opportunity to check an image in more detail to 
determine if a higher level of speckle might be acceptable or 
whether or not some portion of the imaging session should be 
repeated. Using a score, a hospital or other imaging site can 
more easily implement policies requiring speckle below cer 
tain predetermined thresholds for radiological images 
obtained at that site. 

0034. A threshold test can be used to determine the relative 
amount of speckle in an image. Threshold values can be 
empirically determined as well as learned using machine 

Jun. 25, 2009 

learning techniques. Thresholds can be applied in a number of 
ways. In one embodiment, an image score is obtained accord 
ing to variables (i)-(iv) given earlier. This score is then com 
pared against one or more thresholds to determine what 
speckle results are reported to the operator. Results can be 
reported and displayed to the operator with terms such as 
Pass/Fail, Alert, Warning. Acceptable, and Poor, for example. 
The threshold can also be configured differently for different 
exam types, for different radiology sites, or for different insti 
tutions. 
0035. The invention has been described in detail with par 
ticular reference to certain preferred embodiments thereof, 
but it will be understood that variations and modifications can 
be effected within the scope of the invention as described 
above, and as noted in the appended claims, by a person of 
ordinary skill in the art without departing from the scope of 
the invention. For example, the logic processing for speckle 
detection could allow entry and editing of operational param 
eters specific for a site. Executable software for speckle 
detection and reporting could be designed using machine 
learning principles, so that a radiological imaging site could 
effectively teach the software what levels of speckle detection 
are needed or are of interest at that site. Other methods than 
the noise image Subtraction and estimation shown in the logic 
flow of FIG. 1 could be used for speckle detection. 
0036. Thus, what is provided is an apparatus and method 
for speckle detection and reporting in digital radiographic 
imaging. 

PARTSLIST 

0037. 20. Lower-resolution image 
0.038 30. High-resolution image 
0039) 32. Region 
0040 40. Speckle 
0041 100. Low-pass filtering step 
(0.042) 110. Subtraction step 
0043) 120. Noise image 
0044) 130. Calculation step 
(0.045 140. Normalization step 
0046) 150. Thresholding step 
0047. 160. Region labeling step 
(0.048 170. Speckle reporting step 
1. A method for reporting image quality comprising: 
obtaining a digital radiological image: 
processing the image to detect at least one speckle by: 
a) estimating noise signal magnitude in the digital radio 

logical image; and 
b) identifying the at least one speckle according to its signal 

magnitude relative to the noise signal estimate; and 
reporting the at least one speckle detected in the image. 
2. The method of claim 1 wherein estimating noise signal 

magnitude is performed based on a plurality of sub-regions of 
the digital radiological image. 

3. The method of claim 1 wherein reporting the at least one 
speckle further comprises displaying a computed score. 

4. The method of claim 1 wherein reporting the at least one 
speckle comprises displaying a message. 

5. The method of claim 1 further comprising region label 
ing to remove anatomy or foreign object structure from pro 
cessing. 

6. The method of claim 1 wherein estimating noise signal 
magnitude further comprises applying a low-pass filter to the 
radiological image. 
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7. The method of claim 1 wherein reporting the at least one 
speckle comprises highlighting one or more speckles in a 
displayed image. 

8. The method of claim 1 wherein identifying the at least 
one speckle comprises normalizing speckle magnitude to the 
noise estimate. 

9. A method for reporting image quality comprising: 
obtaining a digital radiological image from a computed 

radiography receiver; 
filtering the image to remove lower-frequency content and 

retain higher-frequency content; 
identifying speckle locations in the higher frequency con 

tent; and 
displaying the image and highlighting one or more of the 

speckle locations in the displayed image. 
10. The method of claim 9 wherein highlighting one or 

more of the speckle locations comprises adding color content 
to the displayed image. 

11. A method for reporting image quality comprising: 
obtaining a digital radiological image: 
processing the image to detect a relative amount of speckle 

by: 
a) applying a low-pass filter to the image data and Subtract 

ing low-frequency image content to obtain a resultant 
noise content image; 

b) estimating noise in the noise content image; and 
c) identifying the relative amount of speckle according to 

the noise estimate; and 
reporting the relative amount of speckle detected in the 

image. 
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12. The method of claim 11 wherein estimating noise con 
tent in the noise content image comprises computing the 
standard deviation of noise within the noise content image. 

13. The method of claim 11 wherein reporting the relative 
amount of speckle further comprises displaying a computed 
SCO. 

14. The method of claim 11 wherein reporting the relative 
amount of speckle comprises displaying a message. 

15. The method of claim 11 further comprising region 
labeling to remove anatomy or foreign object structure from 
the noise content image. 

16. The method of claim 11 wherein identifying the relative 
amount of speckle further comprises identifying clusters of 
adjacent pixels. 

17. The method of claim 11 wherein reporting the relative 
amount of speckle comprises highlighting one or more 
speckle locations in a displayed image. 

18. The method of claim 12 further comprising normaliz 
ing noise content according to the computed Standard devia 
tion. 

19. The method of claim 18 further comprising: 
defining a threshold value related to speckle level; 
applying the threshold value to the normalized noise con 

tent; and 
extracting pixels that are speckle candidates. 
20. The method of claim 12 further comprising recomput 

ing the standard deviation using only pixel values within a 
limited range. 


